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STAFF
Director.-R. S. A. Beauchamp.
Fishery Research Officer.-Miss R. H. Lowe.
Hydrologist.-G. R. Fish.
Entomologist.-W. W. Macdonald.
Fishery Research Officer.-P. H . Greenwood .
Fishery Work, Maintenance of Boats, Technician .-S. H. Deathe.
Malacology, Parasitology and Laboratory Maintenance.-c. C. Cridland.
Secretary.-Miss K. C Burford.
Both motor launches have given good service, but will need overhauling next
year.
Final arrangements have been made for the building of an aquarium house :
work on this has begun. It is hoped also to build a small workshop, but details are
not yet complete.
A mobile laboratory built to our requirements on a Bedford four ton chassis
was completed in December.
The Director is serving on the Uganda Pollution Committee, as many of the
proposed industrial oevelopments in this area are likely to have some effect on the
fisheries. He is also serving on the Advisory Committee to the Northern Rhodesia
and Nyasaland Joint Fisheries Research Organization. The first meeting of this
Committee was held on 16th and 17th June, 1951, at Fort Rosebery, Northern
Rhodesia . Our Advisory Committee met twice during the year : at Mwanza in March
and at Jinja in November.
RESEARCH
General Introduction
The examination of a considerable amount of data has led to the conclusion
that Lake Victoria should be considered as many lakes within a lake. This is not a
vague and seemingly obvious remark based on the superficial observation that it is
a very large lake containing numerous islands and with a highly indented coastline,
and therefore providing variable local conditions. Such local conditions would
exist in any lake whose basin departed from a simple geometric form. But evidence
has now been collected to show that really significant differences occur between
different regions within the lake. ~ These differences are apparent from a variety of
data, including the nature of the bottom deposits, the chemical and hydrological
condition of the water, the amount and kind of plankton and the distribution and
abundance of the fauna. Our findings are as yet somewhat sketchy, and it will be
a long time before it will be possible to draw an adequate picture of the various
regions of the lake; it is however, of great value to have reached a position enabling
us to form this general concept. The most striking and definite evidence is derived,
as might be expected, from hydrological data . Details of this work are contained in
the hydrological section of this report. Any data recorded below should be con-
sidered as applying only to the partict!llar areas mentioned. In other words it would ,
to draw an obvious example. be wrong to suppose that because fish grow at a particular
rate in one part of the lake they will grow at the same rate or to the same size in other
regions of the lake.
These variable conditions in the lake determine both the density and the nature
of the various fish populations and thus the value of the local economic fisheries .
Future legislation should take into consideration the differences obtaining in the
various regions, as and when they are defined.
2Tropical conditions present certain special, problems. Although differences in
the chemical and hydrological conditions of the water occur both regionally and at
certain times of the year, and although these affect the fertility of the water, conditions
never become severe enough to cause either the plants to die down or the anima Is to
become inactive. So all the biological processes in the lake are maintained con-
tinuously without any extreme interruptions due to the external environment.
In a temperate Jake all plant and animal activity is brought to a low level during
the winter; in the spring there is a rapid increase in all biological activities; competing
organisms tend to start off together and by the end of the year one or more life cycles
have been completed and a certain balance has been struck between the competing
populations-then everything is reduced to a more quiet state. In the tropics,
however, we have an everlasting summer and all the living organisms pursue their
various life cycles without any obvious set term to their activities.
Growth and Sexual Developmellf under Tropical Conditions.- As land animals we
are used to the idea that particula r species of animal grow to a definite and particular
adult size. This however, is not a character common to all animals; it is normal
in most higher vertebrates and in insects and crustacea , on the other hand fish provide
an example of an animal which can go on gl'Owing for a very long time; few fish can
be described as having a standard specific size. Under satisfactory conditions the
growth rate of young fi sh in warm water is rapid ; after reaching maturity it usually
shows a marked decline, but growth may continue for many years. Some fish show
a more marked decline in growth rate after reaching maturity than do others. It is
characteristic of Ti/apia that growth which can be very rapid in the y0llllg fish is slow
in the adult. Therefore studies concerning the growth rate of these fi sh in particular
must include work on the sexual cycle.
Work done in temperate lakes is mainly responsible for the idea that fish breed
at particular seasons. In temperate climates they do. Under tropical conditions
they breed at intervals determined by their own internal physiological rhythm and not
at intervals determined largely by the external environment. Information on the
sexual rhythm under tropical conditions is difficult to obtain from data collected in
the field. For this reaSOn there has been much confusion on the following points-
whether fish mature when they reach a certain size, whether they mature when they
reach a certain age, irrespective of size, and how frequently they breed subsequently.
An exact answer to these questions will only be obtained after carefully controlled
experiments have been carried out either in aquaria or in experimental ponds where
the supply of food can be regulated. When our aquarium house is finished we hope
to carry out some of these experiments .
Field data collected from many sources indicate that Ti/apia reach maturity at
a particular age determined by local environmental conditions. Under poor con-
ditions they mature at a small size, under good conditions at a large size. Their
ultimate size is largely determined by the size attained while immature.
There is no evidence at present to suggest that sexual development is delayed by
malnutrition. Certain conditions of malnutrition and over-crowding may even
accelerate the onset Gf sexual maturity. ConverseJy, abundant food and the absence
of excessive stimulation may lengthen the period of immaturity, thus leading to the
development of large individuals.
The frequency with which fish breed after reaching sexual maturity is different
in different species. Almost all the African Cichlidae (HaplochrolJli.l' and Tilapia)
appear to breed at frequent intervals, whereas there is evidence to show that Mormyrus
have an annual breeding season. This last statement does not conflict with one
in an earlier report in which it was stated that around the lake some ripening
Mormyrus could be found at all times of the year.
The particular problems set by tropical conditions and their effect on growth
and sexual development have been illustrated in terms of fish, but these conditions
naturally have a marked effect on the rest of the fauna . Work done on the
Chironomid, lake fly, larvae has shown a most interesting and rather unexpected
sequence of events. These larvae live in the bottom deposits of the lake. Samples
of these insects have been collected regularly both by means of mud sampling apparatus
and indirectly by the examination of the stomach contents of Mormyrus which feeds
3almost exclusively on the larvae. Under the generally uniform conditions obtaining in
the mud one might expect to find that the various species are present in certain
proportions and that these proportions remain fairly constant all the time. This is
not so. It was found that the relative numbers of the various species of larvae were
continually changing, first one species being more numerOtIS, then another. The
explanation for this would a ppear to lie in the need for swarms of adult insects to be
large enough to ensure the production at anyone time of very large numbers of fertile
eggs. It should be understood that the mortality among the larvae is extremely high.
It seems that the few larvae resulting from small swarms cannot give rise to enough
adults to keep the cycle going. The progeny from large swarms however, survive in
sufficient numbers to form further large swarms. An account of the data collected
is given in the entomological section below.
Considerable progress has been made with the taxonomy, ecology and parasitology
of the aquatic snails . Dr. Manda hl-Barth worked here for a month at the beginning
of the year and throughout the year he has identified material sent to him in
Copenhagen. As a result our collection of type specimens has been greatly extended,
see I.ist in Appendix C. More information has been gained on the food eaten by
snails anc! on the species of fish which depend on them for food . The programme
of experimental parasitology started more than a year ago is now producing valuable
rcsults. As reported last yea r "clean" cultures of several species of snail wcre being
maintained in the laboratory ; numbers of snails from these cultures have been in-
fected with the miracidia obtained from the ova of Schistosoma mQnsoni. These ova
were obtained from members of the staff who had contracted bilharzia. The parasites
were grown in two species of snail not previously considered to be vectors of this
disease in East Africa. Cercariae from some of thcse snails have been reared to the
adult stage, so proving conclusively that the parasites in the snails were S. mansoni.
The f-inal hosts used for these experiments were rats and mice and from these not only
were adult trematodes obtained, see Fig. 7. but viable ova were obtained which have
been used successfully to infect further batches of snails. It is not impossible that in the
wild state rats and mice and perhaps other mammals may be instrumental in the
perpetuation or spread of bilharzia in certain areas. Attempts to infect certain other
species of snail with S. mansolli have given negative results, but it is too soon to say
that these species are not vectors of the parasi te.
Reference has already been made to the variable growth rate of Tilapia in Lake
Victoria and how it is caused by, among other factors, the supply of food . Diatoms
are the most important element in their food , these algae depend for their growth
on the release of nutrients from the bottom deposits. The rate at which these are
released is determined to_a very great extent by the degree to which the bottom waters
of the lake may become de-oxygenated. In last year's report it was recorded that
durin:; a certain period of the year the water at the bottom of the Buvuma Channel
became de-oxygenated. Similar conditions occurred this year at the same period.
The time of year when this condition of de-oxygenation occurs is when the lake as a
whole is at its coolest, in other words, when the greatest degree of mixing of top and
bottom waters is to be expected, and precisely when de-oxygenation is not to be
expected. It was therefore very surprising to find the water of the Buvuma Channel
becoming stratified and the lower layers de-oxygenated at this time. No explanation
for these findings was forthcoming from the data collected in the previous year, but
more detailed investigations have now provided the explanation.
The Buvuma Channel ranges from about twenty to thirty metres deep and is
separated from the main lake, which is considerably deeper, by Buvuma Island.
It should be noted that this channel is similar to many other areas in the lake where
the coastal waters are sheltered by the fringe of islands that extend across the northcrn
perimeter of the lake, so the conditions to be described no doubt apply to large areas
of the lake. As the lake cooled, water from the main lake appeared to surge into
the Buvuma Channel. This water was at a lower temperature than the water occupying
the channel. consequently it entered the channel at the bottom like a submarine tide.
The bottom deposits remained at a temperature similar to that of the water previously
occupying the channel thus cool water found itself overlying warm mud, see Figure I.
This is, of course, an unstable state, and convection currents must arise between the
m'd and water. The bottom deposits are de-oxygenated and contain reducing
substances; the transfer of these substances by convection currents to the overlying
water led to its rapid de-oxygenation. At the same time of course, nutrient salts
from the mud are also conveyed to the water. Subsequent mixing brings about the
4transfer of nutrients to the surface waters and ultimately to further development of
the plankton. These events are of great importance in determining the fertility of
this region in the lake. and others like it, and cause variations in this fertility during
the course of the year. Details concerning this work are contained in the section
on hydrology and algology and some of the data collected is the subject of a paper
already published in Nature.
Ultimately of course, the fertility of the lake water is determined by the nature
and rate of decomposition of the organic matter in the bottom deposits. Neither
staff nor time have been available to do much work on this important problem,
some preliminary experiments are recorded in the hydrological section below and
Appendix B gives the results of some bacteriological and fungal counts made fo r us
by Miss C. J . Bessel of Glaxo Laboratories, Ltd. ; however, the time taken to send
these samples by air mail to England was bound to reduce the va lue of these results.
".- -, Lake Victoria contains all the expected varielies of fish belonging to various
genera: they inc\udefish which feed on algae, insect eaters and mollusc eaters, and
some predatory fish, together they make up what might be descr ibed as the normal
complement of fish. But superimposed on these is a complex of fish aU belonging
to one genus ; these fish , over sixty species of Hap!oc!lrolllis , occllr in every habitat
occupied by other fish and the variolls species have become adapted so that they are
capable of occupying almost every variety of ecological niche. The study of these
fish has now been started and has already yielded important results, which are reported
below. ]t is, however, very difficult to present this information as the whole taxonomy
of this group is under revision and consequently it is not at present feasible to refer
to the individual species by name, except in a few instances. It is safe to say, however,
that a proper appreciation of the other fisheries will not be possible until more in-
formation has been obtained about the species of Hap!ochrolllis and the part they
play in the total bionomics of the lake.
During the latter part of the year work on lungfish was carried out by Dr. W.
Holmes and Mr. D. E. Moorhouse. While working at Oxford University Dr.
Holmes formed the opinion that certain tissues, located around the kidneys and gonads
of Protopterus should be homologised with the adrenal cortex of the higher verte-
brates, but final confirmation could only be achieved by further histo-chemical tests
in conjunction with certain experiments such as hypophysectomy carried out on fresh
material. It was therefore necessary to continue this work where Pl'Utopterus could
be obtained readily. The investigation was supported financially by the Nuffield
Foundation as it is linked with other work on the effect of Cortotrophine (the adreno-
cortico-trophic hormone) and its application to medicine. We were glad to provide
laboratory facilities .
Dr. Holmes and Mr. Moorhouse over a period of six months carried out the
necessary experiments; all the work so far completed tends to confirm the homology
between these tissues and the adrenal cortex, but more remains to be done on material
that has been taken back to Oxford. The final results will be published in an
appropriate scientific journal, reference to which will be made in our next Annual
Report. In many technical matters both Dr. Holmes and Mr. Moorhouse have
helped members of the staff considerably.
Mormyrus kannume, the Elephant Snout Fish, has in its tail an electrical organ.
Some preliminary observations have been made on the behaviour of this fish and on
the function of this organ. It emits electrical impulses at a very low rate when resting,
but the usual rate of emission is between eighty and a hundred times a minute. Only
a small potential difference is developed, amounting to about six volts. It was not
at first clear what use this organ could be to the animal. However, it was noticed
that it was extremely sensitive to the presence of other fish in its neighbourhood or to
any electrical conductor, such as a length of wire, placed near it. It was natural to
conclude from this that it could perceive disturbances in its own electrical field and
must therefore possess a receptor mechanism as well as one for transmitting impulses.
Paired branches of cranial nerves were found running along the back; small
branches from these nerves terminate at regular intervals close to the base of the
dorsal fin. These two nerves were cut near their origin after which the fish became
less responsive. It seems that they are concerned with the assessment of the fish's
own electrical field and of disturbances in it. Time has not allowed for a proper
examination, but it seems that this fish possesses a device bearing some resemblance
to radar.
5Dr. H. W. Lissmann of Cambridge University has just put forward similar ideas
concerning the function of the electric organ in Gymnarc/llIs niloticus, a Mormyrid
from West Africa.
Dr. Holmes on returning to Oxford University took with him some Mormyrus
material and made a histological examination of the nerve endings along the base of
the dorsal fin and found that they terminate in quite unusual structures; the only
similar structures previously described a re the organs of Savi on the head of
Torpedo , the Electric Ray.
It is interesting to note that this warning device is likely to be of considerable
survival value to M onnYI"II.\· which lives on the bottom of the lake and feeds on the
Chironomid larvae in the mud; when so engaged it can have little cbance of seeing the
approach of predators.
With suitable apparatus, earphones, etc., one call "listen" to these fish while on the
bottom of the lake. [n this way it may prove possible to locate areas where these
fish are abundant. They occur in large numbers and recommendations have already
been made that these fish could form the basis of a new industry.
Dr. M. E. Brown who has been working in the laboratory out who has now
returned to King's College, London, continued for a further six months her work on
Haplo chromis melanopus. This work was mentioned in our last Report. Very
young fish were prepared fo r microscopical examination of the developing scales
and the biochemical processes involved in their formation. Much work remains
to be done on this material ; her results should be of considerable value and help
regarding the general problem of when and how circuli are added to fish scales under
tropical conditions. It seems that additions to the scales are not made at regular
intervals of time, but are dependent on the actual growth of the fish. It is for this
reason that so little information concerning age can be obtained from "reading"
scales of fish living in tropical conditions. However, she confirms our opinion that
scales may indicate the number of times a fish has spawned.
Eggs and young alevins were grown in aquaria; the temperature of the water in
these aquaria was about 24.5°C. ; the newly hatched alevin which is five millimetres in
length, lived on its yolk for about twenty days and grew to about fourteen
millimetres in that time; it was then ready to take food. In the aquaria they
were fed on scraped liver and grew to three centimetres in two to three months, and to
five centimetres in seven months. Since the temperature of the water in the aquaria
was lower than that in the lake and the food unnatural Dr. Brown considered that
this rate of growth was considerably below that of fish in their normal environment.
From the initial growth rate and other data collected she arrived at the opinion that
under natural conditions these fish reach a length of ten centimetres in about nine
months, they then mature and spawn subsequently at intervals of approximately
thirteen weeks.
After measuring and examining many fish, Dr. Brown estimated that the majority
of the females begin to spawn when about ten centimetres long whereas most of the
males do not spawn until eleven centimetres long. Fish of both sexes grow about
half a centimetre between each spawning period; few appear to live longer than three
years.
The number of young fish in each brood was recorded together with the length
of the parent fish . There is considerable variation in the size of the brood, but larger
females tend to brood more young than smaller ones. Thus small fish of nine to
ten centimetres in length carry about twenty young per brood, while larger fish up
to thirteen centimetres long generally carry thirty-five to forty young. The largest
brood recorded was seventy-four. The mortality among young while carried in the
mouth seems to be very low. This habit which is common among Cichlid fish may
be presumed to be of considerable 'iurvival value.
Details of Dr. Brown's work will be published later; until all her records have
been fully analysed it is not desirable to make any further statements on her work,
We are grateful to her for a very useful piece of work which has given us a time scale
for the life of H. melanopus. It should be realised that very little positive data exists
regarding the growth rate of tropical fish or the frequency with which they breed or
the numbers of young produced by them at each spawning.
6We have with advantage co-operated over many matters with Government
Departments of all three Territories. These i-nelude the medical, geological and game
and fisheries departments . In particular 1 wish to express appreciation for assistance
from the East African Agriculture and Forestry Research Organization to whom
we sent several water samples. These were analysed spectro-graphically for certain
constituents which are extremely difficult to determine in any other way. E.A.A.F.R.O.
have also helped the Lake Victoria Fisheries Service and us by allowing Dr. Rudd
Jones to undertake a special investigation on the damage caused by dry rot to craft
on Lake Victoria.
We are very grateful to the East African Posts and Telecommunications Admin-
istration for the loan of. their cathode ray oscilloscope and for technical assistance
[rom the Radio Section in connexion with experiments on the electric organ of
MOI"IIlYruS, and also to Mr. J. Macluskie for much assistance and the loan of his
amplifier.
Tufmac, the commercial fishery on Lake George, send us their monthly records,
for which we are very grateful; it is hoped that we may be of assistance to them,
but an assessment of this fishery depends very much on the sort of data collected for
analysis; we have made certain recommendations. The Uganda Game Department
are also collecting data from this lake which should help .
We are grateful to the Township Authority, Jinja, for permission to shoot fish
in the neighbourhood of Jinja Pier ; and to the Denta! Department and staff for some
X-ray photographs of fish , one of which is reproduced in this report , see Figure 14,
Appendix D. -.
Throughout the year we have exchanged information with the Lake Victoria
Fisheries Service ; we feel this service to be complementary to ourselves in all matters
concerning Lake Victoria.
HYDROLOGY AND ALGOLOGY
It was noted in last year's Report that stratification and de-oxygenation of the
water in the Buvuma Channel occurred during the period August to November,
and a short explanation was given of how these conditions affect the release of nutrient
salts from the mud and so the fertility of the water.
The area of the Buvuma Channel is about thirty square miles and may be con-
sidered as typical of many regions along the north coast of Lake Victoria. It is in
such areas that much fishing is done. 'It was considered, in the light of the previous
data collected, a suitable area for more detailed investigations . The temperature of
the water at different depths was taken , and samples of water collected at weekly
intervals, or more frequently . These water samples were analysed for chemical
composition and content of plankton. Some of these data have been submitted for
publication in Nature as they throw new light on the hydrological conditions
obtaining in tropical lakes.
From November, 1950, until the beginning of May, 1951, the water in the Buvuma
Channel was warm, about 26' c., and well mixed. The mud at the bottom was about
a degree colder than the water. The dissolved oxygen in the water was high during
this period . From May to July, the water cooled to 24°C., and then during the next
four months became stratified; the top twelve metres warmed up to 26u C. , but the
bottom water remained _cool ; since there ""'as no complete mixing between these
layers the amount of dissolved oxygen in the bottom was reduced.
The data collected this year, together with last year's data have not only shown
the course of the annual cyele, but also how it comes about. During the time wben
the channel waters were cooling it was noticed that the falf in temperature occurred
first in the bottom waters, and then mixing caused a reduction in the temperature
of the whole water column. The fall in temperature of the bottom water occurred
quite suddenly; evidence collected over the past year suggests that this is due to the
influx of water up the Buvuma Channel from the main lake. When this lake water is
colder and tberefore denser than the channel water it flows in along the bottom.
During June, July and August this water was also cooler than the mud at the bottom
of the Buvuma Channel. Thus this relatively cool lake water was sandwiched be-
tween warmer surface water and warmer mud. For a period of three weeks in July
all the water in the Buvuma Channel was at a lower temperature than that of the
mud, see Figure 1.
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FIGURE I.-Mud and Water Temperatures in the Buvuma Channel and Oxygen Values of Surface and Deep Water.
Broken line -surface water.
Solid line- half metre above bottom.
DotteJ line -temperature of bottom deposits.
8Two effects were produced by this cold water appearing at the bottom. In the
first place mixing between surface and bottom water is restricted, as warm water
overly:ng cooler water is stable, and considerable energy is required to induce mixing,
so the ordinary day to day wind induced circulation is confined to the less dense
warmer surface layer. Secondly, when cold bottom water overlies warmer mud the
exchange of dissolved substances between mud and water is considerably accelerated
because convection as well as diffusion is involved in this exchange. The mud
contains reducing substances in solution and when these are released into the bottom
water the dissolved oxygen is very rapidly utilised.
Evidence that reducing substances were released from the mud into the water
was obtained by measuring the oxygen demand of the bottom water. The difference
between the oxygen content of the bottom water when collected and after three days
in an insulated container, was 0·6 mg/I on May 23rd, and 3·2 mg/I on August 8th.
On May 23rd the bottom water was warmer than the mud, and on August 8th it was
colder than the mud. The increased oxygen demand of the bottom water can also
be inferred from the considerable drop in dissolved oxygen values in the surface
waters as a result of mixing with bottom water during the period 13th-16th July,
see Figure 1.
When the data collected over the last two years were examined, it appeared that
inflows of water from the main lake occurred at approximately monthly intervals.
This seems to indicate the existence of a temperature seiche in the lake, with a period
of about one month. The theoretical period for such an oscillation calculated from
the dimensions of the lake and its physical characteristics is approximately thirty-
~o~~. -
It should be noted that the conditions of stratification and de-oxygenation
described above occur during the cool season. In any lake considered as a whole
such conditions usually occur during the warm season; it seems likely therefore that
Victoria should be considered as a lake containing within its compass water masses
whose annual hydrological cycle is different from or even the reverse of the annual
cycle obtaining in the main lake. This is a concept of very considerable importance
and means that biological data collected from one part of the lake may bear little
resemblance to similar data collected elsewhere. Something of this sort might have
been expected from a lake of such great size, but it is of great value to have definite
hydrological data to explain the fundamental reasons for it.
A general distinction will no doubt have to be drawn between the fertile and
productive coastal waters and the deeper relatively infertile waters of the main lake.
The phytoplankton in the main lake is sparse, consisting mainTy of Staurastrum and
other Desmids, whereas the coastal waters support a very much denser phytoplankton
population, consisting mainly of diatoms and blue-green algae.
With the assistance of Professor L. C. Beadle of Makerere College, some analyses,
by chemical and electrical means, were carried out on mud from Buvuma Channel.
On the 25th October an undisturbed sample was taken from a depth of twenty metres
in the Buvuma Channel; at this time the water was de-oxygenated and another
similar sample was taken from a depth of about ten metres in the Napoleon Gulf,
where the water is always oxygenated. These samples were carried as soon and as
carefully as possible, to Makerere College, where pH, redox potential, C02, 02, and
total dissolved gases were estimated during the same day. A detailed table of results
is contained in Appendix B. It can be seen that the mud from deeper water has a
higher redox potential than that from the shallow water. If reducing substances
have been released from the mud of the Buvuma Channel during the reversal of the
temperature gradient between mud and water as described above, then the loss of
these substances would lead to the mud having a higher redox potential than that
of a similar sample not subject to these influences. The concentration of dissolved
gases other than C02 and 02 increased with depth below the mud surface, probably
due to methane production.
Some further work on the decomposition of mud was done this year. Aliquot
samples of mud and lake water were autoclaved and later innoculated with mud,
soil and air contaminants. The supernatant water was analysed after thirteen
days. Comparison between the heated and unheated controls showed that heating
brought considerable amounts of phosphate, calcium, silicate and ammonia into
solution. There was rapid growth of fungi and bacteria in the innoculated samples,
and, compared with both the sterile and untreated controls, considerable further
production of phosphate, calcium and ammonia.
9Further investigations will be carried out on the factors affecting the rate at which
nutrients are released from the mud, as this work is of fundamental importance.
The effect of calcium on the growth of algae in culture flasks containing both
mud and water was investigated by adding various amounts of calcium chloride,
and watching subsequent growth when the experimental flasks were exposed to light.
After ten days it was seen that green algae were growing in the control flask whereas
in the flask containing 100 ppm. CaClz there was a good growth of diatoms. In
the flask containing 100 ppm. CaClz plus 18 ppm. Na N03 the growth of green algae
was encouraged in preference to diatoms. These results are significant in as far as
they show that increased nitrogen encourages the growth of forms other than diatoms
and that the growth of diatoms can be encouraged by higher calcium values. Briefly
the types of algae which are predominant in any body of water are determined as
much by the proportions of various nutrient salts contained in the water, as by their
absolute concentrations. More knowledge concerning the factors which encourage
the growth of diatoms should lead to important developments in fish farming, especially
for Tilapia, as diatoms are their principal food .
The diatom, Melosira, is the most abundant member of the phytoplankton;
regular counts of this species were made from the water samples taken in the Buvuma
Channel and in Ekunu Bay. Figure 2 shows the mean density of Melosira through-
out the year. These values were low in November and December, 1950, and reached
a maximum value in March, 1951. The time taken for the plankton to re-establish
itself after the pericv:l of de-oxygenation (September and October, 1950) when nutrients
were released from the mud, is unexpectedly long. The density of the phytoplankton
was again reduced to a low value by June, 1951. These marked annual fluctuations
in the phytoplankton must be related to the hydrological conditions descrtbed above.
Some experiments were done to see the effect of adding small amounts of mud
from different depths below the mud surface on the growth of plankton in lake water.
The mud cores were taken from the Napoleon Gulf opposite Jinja Pier. It was
found that small amounts of mud from thirty centimetres caused a growth of Melosira
of up to three times as much as did the addition of mud from ten centimetres.
The surface of the mud is not well defined and should be visualised as a dense
suspension of organic matter rather than as a definite layer. Some interesting
observations were made on mud cores. Living diatoms were found five centimetres
below the mud surface, and below that the mud was composed largely of diatom
frustules from species found in the plankton and of debris of planktonic origin.
At thirty centimetres however, the diatoms frustules were derived from diatoms of
a non-planktonic character, and the detritus was composed mainly of phanerogam
materia l.
An experiment was carried out in co-operation with the Geological Department,
Entebbe, to investigate the possibility of fertilizing water with phosphate ore. Kigaga
Dam, near Mbarara was chosen for the experiment, and ore was added to bring the
dissolved phosphate content of the water up from a trace to 0'05 ppm. in twenty-
four hours. Samples of water from the dam were sent here for examination at
intervals during the period of four 1110nths, but it was not possible to detect any
appreciable effect on the phytoplankton. The Game Department, Entebbe. have
recently decided to repeat the experiment on a smaller scale using dams near Soroti.
Improved methods for the estimation of the effect of th~ addition of the ore have
been devised in the light of the previo us experiment and the results are awaited with
interest.
Further investigations on the precipitation of phytoplankton have been carried
out using " lethal" bottles, as recorded in the last Annual Report. Difficulties arose
when the technique was used over a period of several days, as the bottles did not
remain lethal. So far formalin is the lethal agent used, but it is hoped to try other
poisons in the near future in order to get a bottle which remains lethal for at least a
week. In this way , estimations of plankton sedimentation can be made at Ekunu
Bay and Buvuma Channel when the weekly visits are made for fishing and water
sampling. The importance of ensuring that "lethal" bottles must kill all organisms
that enter them is illustrated by the following experiment.
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FIGURE 2.-Mean Temperature of the Water Column in the Buvuma Channel and the Mean Density
of Melosira Expressed as Cells per c.c.
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Eight open bottles were filled with distilled water and suspended in the lake.
Two drops of concentrated formalin were added to each of four of them. Pairs of
these bottles were lifted at intervals and a count made to determine the number of
cells of M elosira per c.c.
Time
Suspended ZooplanktonOriginal Contents I
Cells undi gested
A1elo.l'ira per c.c.
-D- is-ti-Jl-e-d-w- a- t-e'-r-a-n-d-F-o-I-'n-l-al-j-n- - - - - N-il- --I 1,160
Distilled water only Nil 1,210
Distilled water and _Formalin Nil 1,465
Distilled water only Nil 1.840
Distilled water and Formalin Few 9:200
Distilled water only Few 9,640
Distilled water and Formalin Many Dead 42,000
__IDistilled water only M_any Alive 7,840
2 hours
24 hours
41 hours
48 hours
It is difficult to account for these results except by acti ve grazing by zooplankto n.
These results demonstrate the importance of ensuring that "lethal" bottles are truly
lethal; this is progressively more difficult to realise as the period of exposure is in-
creased .
Samples of water have been analysed from Lakes Albert, George and Edward.
Professor L. C. Beadle very kindl y supplied a n interesting series of samples from Lake
Edward a nd along the Kazinga Channel. This series (see Appendi x A) shows clearly
the abrupt nature of the interface between Lake Edward water (stations I- I V) and
La ke George water (stat ions VI - VIII) . The distance between stations IV and VI was
less than a mile and over that distance there were ;;onsiderable differences in plankton,
silica, chloride, alkalinity and conductivity of the water (the last two estimations
were done by Professor Beadle before the samples were handed over to us) .
An excellent vertical series of water samples t:rolll Lake George near Kasenyi
was obtained from the Game Department for analyses (see Appendix A) . This
water supports a very dense plankton flora . The relatively high concentration of _
soluble salts in the bottom sample is remarkable, and is unexpected in view of the
shallowness of this lake. It may be that under certain conditions some Lake Edward
water flows into Lake George along the bottom of the Kazinga Channel.
A series of samples was taken fro m Lake Albert along the inflowing Nile; for
analyses see Appendix A. These show tbe difference between the relatively dilute
Nile water with low alka linity and little chloride, as compared with the more con-
centrated Lake Albert water with high alkalinity, conductivity and chloride. It is
interesting to see that Butiaba Lagoon which only recently lost its connexion with the
main lake, supports a large flora of algae in spite of the very highly concentrated
nature of the water.
Analyses were carried out on samples collected from streams by Dr. M . E. Brown
during her safaris in the Ruwenzori, Eigon and Acholi regions. These analyses are
also included in Appendix A.
ENTOMOLOGY
Lake fly larvae (Chironomidae and Chaoboridae) playa very important part in
the general biology of the lake; they feed on algae and are an important element in
the food of many young fish; certain fish, such as Mormyrus and some species of
Haplochromis, feed on them throughout their lives.
The many species of these insects which live close inshore among weeds are eaten
by the young fish that inhabit these areas. Work has however been concentrated
on those species which live in the mud in deeper water. The taxonomy of these forms
has been worked out sufficiently to enable them to be classified fairly readily .
Samples of the larvae were collected by means of the Jenkin mud sampler. This
apparatus collects an undisturbed column of mud, approximately seven centimetres
in diameter and forty centimetres high together with abollt ten centimetres of the
overlying water. Previously samples were collected with the Petersen grab, but it
was found that this grab sank too deeply into the mud and gave unsatisfactory results,
which accounts for the low figures given in last year's Report for the density of these
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larvae in the mud. It has since been found that the average density of larvae is about
3,500 per square metre at a station in Ekunu Bay, see map. This station was chosen
for an intensive study because it was one from which samples of fish were collected
weekly, so the stomach contents of fish from the immediate neighbourhood could be
examined and compared with the samples of larvae collected from the mud.
The insect fauna at the bottom of Ekunu Bay is composed of the following
species, ChaoborllS (two spp.) which comprise seventy-five per cent of the population,
Pelapia is the next most abundant form, the rest are made up mostly of Procladills
and Chironomlls larvae. The ChirOIlOfl/lIS are of the plumosus type. ClinolanYPlis
and Tanylarsus occur in small numbers, with a few other more uncommon species.
The two species of Chaoborus will be considered separately as their habits are
very different from those of the other species and they are not, in spite of their
abundance, important as food for fish.
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FIGURE 3.- Actual Numbers of Three Species of Chironomid Larvae Obtained from
Four Samples of Mud Collected Weekly with the Jenkin Sampler in Ekunu Ba
Figure 3 is a quantitative record of the larvae obtained from mud samples over
a period of three months; similar results have been obtained over a longer period.
It can be seen that there is a marked periodicity in the abundance of the various
species, this is particularly so for Pelopia . No proper assessment of the situation
can be made from a consideration of numbers alone; allowance must be made for the
fact that there are more very young larvae than old ones as many die during the
larval life time. Also one must take into consideration the limitations imposed by
the efficiency or otherwise of the method of collecting. Counts made from mud
samples will tend to underestimate the number of very small larvae present, and an
inaccurate estimate of the large individuals is likely because of their relative SCGl.rcity .
When the data is presented as numbers the peaks tend to represent occasions when
many larvae belonging to the second or third instars are present . This is borne out
by a comparison of the data in Figme 3 with that in Figure 4. Figure 4 shows the
size and growth rate of the third and fourth instars of Pefopia and Procladills larvae;
the life of the larvae is approximately seven weeks.
The stomach contents of i\1ormy rlls from Ekunu Bay have shown a regnlar
fluctuation in the percentage abundance of the various species. These fish tend to
select the larger individuals, which are Jess abundant in the mud than the small young
larvae. Figure 5 shows data collected from stomachs. No direct correlation which
can be made between the curves for numbers in the mud and numbers in the stomachs,
but both indicate a regular fluctuation in the relative numbers of the various species.
Under the generally uniform conditions obtaining in the mud one might expect
to find that the various species are present in certain proportions and that these
proportions remain fairly constant all the time. This is clearly not so. The ex-
planation for this would appear to lie in the need for swarms of adult insects to be
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large enough to ensure the production at anyone time of very large numbers of fertile
eggs. It should be understood that the mortality among the larvae is extremely high.
It seems that the few larvae resulting from small swarms cannot give rise to enough
adults to keep the cycle going. The progeny from large swarms however, survive in
sufficient numbers to form further large swarms.
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FIGURE 4.-Growth Rate of Pe/opia and Procladius as Determined by Measurement
of Larvce Collected Weekly in Ekunu Bay.
As noted above Chaobol'lIs is the most abundant species in the mud and yet occurs
relatively infrequently in the stomachs of fish. This is no doubt due to its habits of
leaving the mud at night and migrating upwards into the water where it feeds largely
on zooplankton. The larval life of Chaoborus is, like that of the Chironomidae
already mentioned, about seven weeks.
~£"OPI'" -.P~O'L" PIUSCtURCNO;'\U~pl\lY'l\Q\l.Wl3 FIG:S
10 17 ~,
O (' Tc.~e:R
I I "1 :lc..
S (PTI! '.',Bo e R.
'5' 2Z • ~
.~ V C-~ l :i T
I1
'j
"I
I
/ II - ~ f 1~ 1 , I I . II i I
: . -, - ,
40
FIGURE 5.-0ccurrence of Three Species of Chironomid Larvce in the Stomachs
of Mormyrus from Ekunu Bay, Expressed as Percentages of the Total Number of
Larvce Contained in their Stomachs.
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Records of the large and spectacular swarms of "lake fly" which occur fa r out
on the lake have been received from three sources; Mr. J. D. Sampson, Dagusi Island ;
the P i heries Officer, Entebbe and the Air Control Officer, Entebbe. We are very
grateful for these records which show that at certain times of the year large hatche-s
occur each month over a period lasting ten to fourteen days. There are reasons to
believe these swarms are composed usually of Chaoboridae, but positive evidence f r
this has yet to be obtained.
Although fish may be highly specialised with regard to their food, as for example
Morll7Yrus, the actual food taken is also a reflection of what is available. The stomachs
of some Ivlorl/lYrus collected from a depth of about one hundred feet in the neighbour-
hood of Dagusi Island were found to contain relatively few Chironomidae, these
included species of Cryplochirollomus and Ablahesl11yia which are not commonly
found in the fish from Ekunu Bay; the bulk of the food however consisted of prawns,
Caridillia lIilotica gracilipes, caddis larvae and mayfly nymphs . The mayfly nymphs
belonged to the genus Po vii/a, species of which are wood-borers, and frequently
cause damage to the hulls of boats . All these insects and crustacea are associated
with a sandy rather than a muddy bottom. In fact, sand grains were frequently
found in these stomachs. Thus these fish may serve as useful guides to the fauna on
the bottom of the lake. In this connexion it is worth noting that on many occasions
it has been found that in the deeper parts of the lake the bottom is composed of sandy
deposits whereas in much shallower water near the coast the bottom is usually com-
posed of very fine mud.
MOLLUSCA
Considerable progress has been made with the taxonomy, ecology and parasit-
ology of the aquatic snails. As explained in the general introduction we are great Iy
indebted to Dr. Mandahl-Barth for the identification of all molluscs. His mono-
graph on the Mollusca of East Africa is not quite ready for publication; we are on
that account especially grateful for permission to publish his list of aquatic snails,
see Appendix C. This list supercedes the one published in our last Report. The
nomenclature has been revised and many more species have been added, of which
ten have not previously been described. Specimens of all these snails are included
in our type collection. We also have a named collection of thirty-six species of
bivalves; these are not of quite the same immediate or general interest as the snails,
so have not been listed.
Aquatic snails form an important element in the food of many fish; they are
also primary hosts for a great many parasitic trematodes. Fish are both inter-
mediary and final hosts for many of these trematodes.
Data has been collected on the species of both snails and bivalves eaten by fish.
Melalloides tuberculata tuberculata is the snail most commonly eaten by fish; other
snails taken include species of Bellamya and Biomphalaria. The bivalve most
commonly found in fish stomachs is Corbicula aj'ricalla «(ricana. The mollusc-
eating fish are the subject of a special article, see Appendix D, this appendix also
includes an article on the possible use of these fish for the biological control of bilharzia.
The trematodes which pass an intermediary stage in fish are believed to complete
their life history in birds which eat fish . Ova have been obtained from a species of
trematode taken from the White-breasted Cormorant, Phalacrocorax lucidus; these
have been hatched and experimental infections carried out on laboratory bred
Me/anoides tuberculata tuberculata, a snail commonly found to be parasitised.
A satisfactory technique for such infection experiments has been worked out
using Schistosoma mansoni, one of the parasites responsible for bilharzia in humans.
This technique involves the breeding of "clean" cultures of snails of all species on
which it is desired to carry out experiments; some skill is required in the handling
of ova and miracidia and in the care and maintenance of the snails over long periods
of time.
Schistosomiasis is a very serious disease in East Africa and little is known con-
cerning the snails which may serve as vectors of this disease. Two species of snail
are at present recognised as vectors of S. haematobium, namely Bulinus (Plzysopsis)
globosus globosus and Bulinus (Physopsis) nasutus, and only one as the vector of
S. mansoni, namely Biomphalaria riippellii.
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Biomphalaria sudanica sudanica and B. choanomphafa choanomphala have both
been infected successfully with miracidia of S. mansoni. Cercariae, see Figure 6,
were obtained from both these species, and the life cycle completed experimentally
in rats and mice. Adult trematodes have been obtained from these animals and also
viable ova which have again been used successfully to infect further individuals of
both the above mentioned species of snails. Figure 7 shows the adults both male
and female which were obtained from one of the mice used in the experiment. By
completing the life cycle and obtaining the adults complete proof has been obtained
that the parasites in the snail were S. mansoni, therefore both the above species
of snail must now be considered as vectors of S. mansoni.
FIC. 6
FIGURE 6.':-Cercaria of Schistosoma mansoni x 120.
Infection experiments, using S. mansoni, have also been carried out on Bulinus
(Physopsis) globosus ugandae and on Bulinus (Prygophysa) forskalii. Results with
these two species were nega.tive. The experiments were carried out on five separate
occasions on each species of snail; it is however, too soon to state definitely that these
species cannot act as vectors of S. mansoni.
The sporocysts which develop in the snail reproduce themselves asexually, so
that an infection by even a single miracidium may lead to the production of many
sporocysts in the snail; these sporocysts produce numbers of cercariae. Eventually
this disease brings about the death of the snail; a heavily infected snail is easily
recognised by the blotchiness and thinness of its shell. It is already known that large
snails will give rise to more cercariae than small snails; a careful record was kept of
the output of cercariae by a single snail. This particular snail was nineteen milli-
metres high and six millimetres deep. The average daily output based on seventeen
days was 2,322 cercariae. The lowest output on one day was twenty-one, th~
highest 5,114. The results of this experiment, which lasted twenty-three days are
shown in Figure 8. Cercariae were leaving this snail a week before the records
shown in Figure 8 were started. So before this snail died the half dozen or so miracidia
by which it was originally infected gave rise to close on seventy thousand cercariae.
Figure 9 (a) shows the rate at which cercariae were produced hour by hour on a
particular day.
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Figure 9 (h) shows the average number of cercariae produced each hour over the
period of the whole experiment. It will be seen that there is a remarkably constant
daily rhythm in the output of cercariae. No cercariae are liberated from the snail
before 9 a.m. and very few after 5 p.m. The peak period for their release is around
11 a .m.
It seems that sunlight and temperatures between 29"C. and 33° C. favour the
liberation of cercariae, but nothing was found which would upset this daily rhythm.
Snails were kept at 30" C. and illuminated all night, and yet no cercariae were pro-
duced until the following morning.
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FIGURE 7.-(a) Male S. maf/soni x 15, Showing Gynecophoral Canal.
(b) Male and Female S. mansoni. Note Tail of Female. The Female is
Longer and Thinner than the Male.
(c) Male and Female, Showing Heads; Note Suckers.
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FIGURE S.-Number of Cercarire (S. mansoni) Liberated Daily from One Snail Over a Period of Twenty-two Days.
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A 'snail was kept all day in the dark, it produced 2,366 cercariae at the usual
time; on another occasion a snail was kept during the morning in the dark and at a
temperature of only 9°C., it still produced cercariae though fewer than usual; it was
noticed, however, that many of these were not properly developed.
Much effort has been spent in the field collecting snails for taxonomic purposes,
but only a little time has been available for work aimed at determining the number
of snails parasitised; this entails dissections which have to be carried out in the
laboratory and which take up a considerable amount of time. However, some results
have been achieved that are well worth recording. The infection rate of snails
collected_close inshore may be as high as 50 per cent. Table 1 is a record of dis-
.. sections done on snails collected from the deeper water. It can be seen from these
figures that even in eighty feet of water the infection rate may be as high as 15 per
. cent; the sma11er individuals are free of parasites . It is nearly certain that these
parasites from snails in deep water must continue their life history in fish, and
probably reach the adult stage in birds, probably Cormorants. It was also observed
that these snails which live beyond the zone of rooted vegetation were feeding entirely
on diatoms. This general investigation of the mollusca has really only just been
started; nevertheless considerable progress has been made, particula'r!y with regard
to the taxonomy of these animals and the medical aspects of this work.
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FIGURE 9.- (a) Number of Cereal i.e (S. mansoni) Liberated Hourly During One Day.
(b) Average Hourly Emission of Cercaria: (S. lI1ansoni) Calculated from
Records Kept on Sixteen Days.
TABLE 1
SNAIL DISSECTION
I
NUMBER DISSECTED
Species of Snail Depth Under Numberin feet Over Parasitised
10 mm. 15 mm. 15mm.
-
Bellamya unicolor constricta 20 - 100 - Nil
Bellamya unicoJor constricta 20 - - 100 5
Bellamya unicolor unicolor . . 80 - 13 - 1
Bellamya unicolor unicoJor .. 80 - - 50 4
Melanoides t. tuberculata
· .
20 50 - -
I
Nil
Melanoides t. tubercuJata
· .
20 - 100 - 15
Melanoides t. tubercuJata
· .
20 - - 100 17
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FISH
It may not be realised how little is known about fish living in tropical waters, so
before recording progress it is desirable to view results against the earlier background
of information relating to tropical fisheries. On reflection this 'background is found
to be remarkably insubstantial, and though perhaps more work was done on Lake
Victoria than on other tropical lakes the sum of our previous knowledge amounted
to little more than a list of species, very general ideas on the food requirements of
these fish and a general indication of their distribution based to some extent on records
made by African fishermen. Very little information was available on the density
of fish populations, on the growth rate of individual species of fish, the age at which
they mature or how long they live. Moreover, practically nothing is known regarding
the characteristics which cause one tropical lake to support many fish and another
relatively few. We are indebted to Mr. Michael Graham for his account of the
Fisheries of Lake Victoria, but he will be the first to admit that it was only a preliminary
survey and in addition to the need for more statistics on the existing fisheries he realised
the necessity for a continuous programme of research.
When work first began at Jinja it was necessary to collect fish from various
parts of the lake and from other lakes, to weigh and measure them, to examine their
stomach contents and assess their physiological and sexual condition, knowing that
it would be some considerable time before analysis of this data would yield any useful
results. Further, one must always make allowance for the great difficulty, if not
impossibility, of collecting adequately representative samples of fish . Any method of
catching is liable to a variety of hazards and errors which can only be overcome to a
very limited extent by increasing the effort and by collecting data over a long period.
No real significance can be attached to data that has been collected for less than
several years. It should also be appreciated that very different results can be obtained
from stations only a few hundred yards apart. This is particularly so if the stations
are in the neighbourhood of spawning grounds.
Data collected over three years has shown how different results may be from three
bays, all within six miles of each other. These bays are Pilkington, Hannington
and Ekunu . A description of all the data collected is quite beyond the scope of this
report, but they showed that the Hannington Bay station was very close to a spawning
ground, that Ekunu Bay station was just off spawning grounds, and that the Pilkington
Bay station was in an area where fish were feeding rather than breeding.
The weekly routine cQllecting of samples of fish have been continued with fleets
of gillnets of mesh sizes ranging from five inch to two inch. Figures 10 and II show
respectively the total numbers of Tilapia and Mormyrus caught in gillnets over the
period April to October. The same number of nets were set in as standard a way as
possible and at the same station week after week. Nevertheless the catches fluctuate
very considerably and so far no explanation for these fluctuations is forthcoming,
though attempts have been made to correlate them with hydrological data and
variations in the density of phytoplankton and presumed movements of fish arising
from the de-oxygenation of the~deeperwater in the Buvuma Channel. It is no doubt
salutary to have impressed upon one the variability of results obtained from fishing
and the difficulty in obtaining satisfactory samples ; this should always be borne in
mind when reading statistics even when these are based on data collected with the
greatest of care.
Some exploratory work was undertaken on lake safaris between Jinja and the
Kavirondo Gulf. Catches made both inshore and in deep water by gill nets and by
trawling were similar to those made around the Jinja area. Good fishing grounds
for Mormyrus seem to be widely distributed.
Trawling experiments have been continued, seventy hauls being carried out
during the course of the year. The results obtained, see Appendix E, confirm those
of last year, namely, that one to two hundred pounds of Haplochromis can be caught
in half an hour in deep water. There are without doubt comp1ercial possibilities in
this form of fishing on Lake Victoria. It was also found that Mormyrus can be caught
as well as Haplochromis by deep water trawling at night, though in the same area no
Mormyrus were caught by daytime trawling.
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FIGURE lO.-Total Number of Tilapia Caught Weekly in Standard Fleet of Gill Nets over Period April to October.
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One daytime trawl carried out in shaUow water (twenty feet) in Pilkington Bay
caught six hundred and thirteen mature Tilapia in thirty minutes. It would therefore
be unwise to allow indiscriminate trawling in shallow water.
One four inch net was made up by hand from nylon thread and fished in the
fleet of standard flax nets from January to- October by which time it had outlasted
two sets of standard flax nets. This experiment was discontinued, but the net is still
serviceable and the twine appears to be as strong as ever. During the period it was
fished it caught four hundred and forty Tilapia and one hundred and sixty-six other
fish against two hundred and twenty-five Tilapia and forty-five others caught by two
flax nets of the same mesh and weight. Further experiments will be carried out
with nylon nets.
Samples of fish were also caught weekly by seine net. Some of the results
obtained from the examination of these fish are contained in the accounts on Tilapia
and Haplochromis which follow.
Tilapia .-Data accumulated over a period of almost four years and collected
from several of the larger East African lakes, from medium sized lakes such as
Nabugabo and Kijanebalola , from small crater lakes and from dams and fish farms,
now make it possible to express certain opinions in general terms regarding the growth
rate and life history of Ti{apia. No attempt will be made in this account to consider
the various Tilapia species by species. Important differences are, of course, to be
found among them with regard to habits, food requirements, etc., but for the present
it is desirable to draw as clear a picture as possible of the main characteristics of the
genus, without too many qualifications pertaining to particular species.
Given satisfactory conditions Tilapia grow rapidly until they reach sexual maturity,
from then on growth continues but at a much slower rate. This slow rate of growth
by mature fish is due probably to the frequency with which they breed. In many cases
it has been observed that individuals have gonads starting to ripen again while still
carrying in their mouths young fish from an earlier brood .
Under the very uniform temperature conditions obtaining in East African waters
the main factor affecting growth rate is the quantity and digestibility of the available
food. As reported last-year Tilapia depend primarily on diatoms for food. These
diatoms may be planktonic, epiplafJ.ktic or epiphytic forms. (A short note below
describes the method by which T. esculenla extracts phytoplankton from the water.)
Whether age or size determines the onset of maturity has been a question on which
opinions were divided, but now all available evidence seems to show that these fish
reach sexual maturity at a particular age, determined by local environmental
conditions. When one considers the slow growth rate of mature fish it is evident that
the ultimate size of individuals is very largely determined by the growth made in
the first few months of their life.
Data collected by ourselves and by the Lake Victoria Fisheries Service show
that the modal size of T. esculenla populations varies in different parts of the lake.
It was suggested that this was due to the existence of races of small and large breeding
fish; however, it seems more likely that the differences in modal size are determined
by the amount of digestible food available in these different parts of the lake.
Some regions in the lake appear to contain mixed populations composed of fish
which when first mature show a considerable size range. These regions may be
characterised by large annual variations in the quantity of phytoplankton, as for
example the Buvuma Channel, where for approximately five 'months of the year
diatoms are abundant and for seven months relatively sparse. In the Buvuma Channel
area the size of T. esculenta on reaching maturity ranges from twenty centimetres
long to twenty-five. The most rational conclusion to be drawn from this is that these
differences have been determined by the amount of plankton available to the young
fish during the first few months of its life. A fish hatched at the beginning of the
period when conditions are poor wiII presumably mature at a smaller size than a
fish which is hatched at or just before the period when conditions are good. Thus
in these regions fish of slightly different age may be of similar size.
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FIGURE 11.-Total Number of Mormyrus Caught Weekly in Standard Fleet of Gill Nets over Period April to October.
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Tifapia Migralions.-At Nasu Beach regular weekly seining was done, primarily
in order to collect data on Hapfochromis. The records show that at fairly regular
intervals numbers ofsmall T. variabilis were caught. Figure 12 shows the numbers
of these fish and the intervals at which they were caught. All of these were im-
matu re and their length ranged from g'7 to 17 centimetres with a modal length of
14·5 centimetres.
100 __ •.
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FIGURE 12.-Number of Immature T. variabifis Caught by Seine Net on Nas Ll
Beach, Showing Periodic Occurrence of these Fish.
On occasions, particularly at night, a few mature T. variabifis were caught
ranging in length from 23-27 centimetres with a modal length of 24 centimetres.
It was remarkable that no fish between these two size groups were caught.
The small immature fish which appear and then disappear from this beach are
presumably all of a similar age. Nothing has yet been observed to explain this move-
ment. It may be an early manifestation of breeding habits which are in turn
determined by some internal physiological rhythm which may develop before maturity.
Records kept by the Lake Victoria Fisheries Service show that when immature Tifapia
are caught in seine nets a considerable proportion are around 14 centimetres long.
Feeding Mechanism ofT. esculenla.-It appears that as water is drawn through the
mouth by the respiratory current the contained phytoplankton is entangled in the
copious mucus secreted by the oral and pharyngeal epithelia. With the exhalent
current this mucus and phytoplankton is carried backwards and becomes entangled
with the teeth of the lower pharyngeal bone. From here the mucus is moved towards
the oesophagus by the raking action of the upper pharyngeal teeth. The upper
pharyngeal bones move backwards and forwards through a small arc and in this
fashion their backwardly directed teeth "rake" the mucus through the teeth of the
lower bone and so bring it to the opening of the oesophagus. A full description of
the feeding mechanism of Tilapia and the histology of its alimentary canal will be
published shortly in an appropriate scientific journal.
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Hap/ochromis .-Sixty-two species of Hap/ochromis are believed to occur in Lake
Victoria and although subject to a preliminary survey by Michael Graham in 1927,
very little is known of their ecology and of their role in the bionomics of the lake.
They are undoubtedly a potential source of food of considerable value and measures
are being considered to fish them commercially. Before any rational fishery policy
is formulated more ecological data should be collected, and a great deal of taxonomic
work done on this group. Taxonomy should be regarded as the comprehensive
study of biological groups and not merely the making of "keys" ; taxonomy and
ecology are essentially complementary studies.
During 1950, while holding a Colonial Fisheries Research Studentship, P. H.
Greenwood (now a member of our staff), studied the collection of Hap/ochromis
in the British Museum (Natural History) and became familiar with the extensive
literature relating to these fish . It soon became obvious that a study of these species
from Museum collections only was of limited value and that the examination of large
numbers of specimens, backed by ecological data, would alone provide the material
from which a proper understanding of the complex intra-and inter-specific relation-
ships could be obtained. Field studies have proved invaluable in this connexion.
Taxonomy.-From the Museum coJ'lection it was apparent that there are three
major morphological groups of Hap/ochromis in the lake. Within each of these
groups there are several sub-groups which can again be distinguished by certain
morphological features associated with specialised feeding habits. Within the sub-
groups it is very difficult to separate the species on purely morphological grounds,
but the study of their food and feeding habits, their normal habitats, their sexual be-
haviour and colouration have provided criteria by which these species may be
distinguished.
Colour is often considered of doubtful value as a specific character. Positive
evidence of the importance of colour and colour pattern has been obtained from
breeding experiments with Cichlid fishes; it is undoubtedly a valid character in this
·group, if used with discretion, as no examples have yet been found of identical
colouration in the breeding males of even closely related species ; this does not, however,
apply to female fish.
Differences of diet (together with morphometric differences made more apparent
by examining large numG«rs of fish) have necessitated the separation of several
apparently similar forms . This has led to the "resurrection" of species synonymised
by earlier workers. Predatory species are not readily separated by differences in
diet , except in those cases where they eat eggs or larval fish; many can however be
distinguished by morphological differences. Examination of large numbers of
specimens has shown that the statistical treatment of morphometrical characters
does provide not only a basis for defining many species when adult, but also assists
in the differentiation of these fish at various stages of their growth. These statistical
studies also provide an index for measuring intra-specific variability.
The number and type of jaw teeth would appear to be useful specific characters,
but study has shown that although useful they can be misleading. Not only is there
often a change in form with age, but also of type and numbers. The dentition of
the pharyngeal bone on the other hand, is a more valuable specific character, though
there are important exceptions. Haplochromis humi/ior is one example where the
young fish has one type of pharyngeal dentition which is replaced in the adult by
another totally different type. When young it has laterally compressed bicuspid
pharyngeal teeth ; when adult these teeth are partially replaced by blunt, crushing
teeth. Sections of the pharyngeal bone from young individuals show that there is
a vertical succession of teeth; the erupted bicuspid teeth overlie the blunt teeth which
usually erupt before the fish reaches maturity.
Specimens of three mollusc eating species, H. obtusidens, H. ishmae/i, and H.
pharyngomylus, in the British Museum were easily distinguished by the types of
pharyngeal bones and the number of molariform pharyngeal teeth, but the exam-
ination of large numbers have shown that the H. obtusidens type intergrades with
that of H . michae/i, which is a related species whose pharyngeal teeth are hQwever
slender and bicuspid. H. pharyngomy/us and H . ishmae/i also intergrade with one
another, while H. ishmae/i intergrades with certain forms of H . obtusidens. In this
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case differences in their ecology help to separate the four species. The adults of
H . pharyngolllylus and H. ishmaeli have different habitats; the former species is found
close inshore while the latter (except when spawning or brooding) is found in deeper
and more open water. Males of H. ishmacli and H. ohtllsidcns have different breeding
colours.
The possibility that interspecific hybridization may contribute to the inter-
grading between related species, has been considered. Experimental breeding will
be necessary before this question can be finally settled, but at present the indications
are that successful hybridization occurs extremely rarely, if at all. Whenever it has
been possible to examine large numbers of fish of related species it is found that
there are definite modal values for most of the specific morphometric characters
used. Usually there is, however, a small number of individuals that are intermediate
for these characters, and consequently the chances of inter-specific hybridization
cannot be ignored. It is thought , however, that the type of evolution which this
genus probably underwent-relatively recently- during the Tertiary period is a more
likely explanation of these intermediate forms, particularly since many of the inter-
mediate forms can be classified as one or other species by differences in their ecology.
Many new species have been discovered recently, they constitute the bulk of
trawl catches from the deeper water.
CoHections have been made of larval and post-larval fish. It is hoped that
some means of identifying these very young fish will be possible after this collection
has been studied and more work done 0n them.
Ecology.-Exact ecological studies of each species of Haplochromis can only be
made after their taxonomy has been fully worked ou t. However, much ecological
data has been collected concerning food and feeding habits of certain species .
The species of Haplochromis can, on the basis of the food eaten, be divided into
seven categories as follows:~
Main food eaten: Number of Species
Phytoplankton
Epiphytic algae ..
Insect larvae and pupae
Insects and molluscs ..
Molluscs only ..
Fish eggs and larval fish
Other fish
2
3
8
5
3
3
19
It should, of course, be realized that none of these fish feed exclusively on a single
type of food .
As a taxonomic revision of these fish is being carried out, it is inadvisable to
give specific names. The fish included in the six categories referred to above do not
cover all the species of Hap/ochl'omis collected from the lake. Some twenty more
species are known , but insufficient information: has yet been collected concerning
their food to classify them on these grounds.
Material has been collected mainly from the northern end of the lake, but some
gut analyses of fish from Tanganyika and Kenya waters have been carried out.
Unusual availability may affect the type of food taken; after heavy termite
hatches the guts of many species, which usually eat other fish or larval insects, were
found to be filled with adult termites, many of which were digested.
Little information about vertical distribution is available, but it seems that the
majority of species occuring in water of great or medium depth feed on or near the
bottom, while predatory species range through all depths, and have the greater
number of species occurring offshore. No samples have been collected from water
over one hundred and fifty feet in depth.
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Adult Haplochromis form the principal food of the larger predators; young
Haplochromis and Engraulicypris that of the smaller predatory species. Precise
data on the food of predators is difficult to obtain because of the rapid digestion
in these species, and because of the difficulty in identifying fragmentary remains of
fish which in any case are difficult to identify when whole. Changes of diet with
age are known with certainty for two species; both are predators . In these the young
fish are insectivorous whilst the adults feed on fish . This change in diet no doubt
occurs commonly among predators.
Of special interest are three species which apparently feed exclusively on the
eggs and larvae of other fish . On only one occasion were Tilapia larvae found to
have been eaten, in all other cases they were Haplochromis larvae. In no case so far
have larvae of non-Cichlid fish been recorded from the gut contents of these three
species. Two of these species are not closely related , but all show some similar
morphological characteristics. Whether they rely on obtaining young fish which
are accidentally dropped from the mouth of female Haplochromis and Tilapia, or
if they have some means of forcing the female to jettison her brood, is not known.
No truly monophagus species are known although several species of insecti-
vorous fish seem to feed almost exdusively on larval Chironomids, though similar
stages of other Diptera and nymphs of Ephemeroptera and Odonata are occasionally
eaten. Marked specialization is shown by some insectivorous species. An instance
may be given of two small species which occur together in the same habitat, both of
which feed on insect larvae and pupae. In one, however, there is always found a
greater proportion of pupae than in the other. This holds for material collected from
Nasu Beach over a period of one year. Insectivorous species are found at all depths
and seem to feed mainly on the bottom. With the exception of the purely phyto-
plankton feeders, insects form part of the diet of most Haplochromis species. A
number of species feed on insects and molluscs, e.g. H . humilior, H. sauvageii. H.
crassilabris and H. obtusidens.
Phytoplankton is often found together with insects in the guts of deeper water
species. Whether it has any food value for these species is uncertain , but it is observed
that all diatoms are digested, whereas most green algae and blue-green algae are not.
Phytoplankton is known to be the food of at least two species . There are
probably many more phytoplankton feeders amongst the as yet undescribed species
from deeper water. Gut analyses indicate that the composition of the phytoplankton
eaten by these species is the same as that of Tilapia esculenta . Again, it is only the
diatoms that are digested. - Species of this group are of particular interest economically
since they constitute the bulk of aJl trawl catches from water over fifty feet in depth.
These are small fish rarely more than ten centimetres in length and seem to reach
maturity at about seven centimetres.
Three species graze on epiphytic algae growing on submerged vegetation, rocks
and other objects. Consequently their distribution is relatively restricted. All
show some anatomical adaptations to this specialised grazing habit, especially with
regard to the shape and number of teeth, paralleling in these characters the dentition
of some marine Blennidae with similar habits. Although fragments of higher plant
material are often swallowed these are not digested. The adult H . nubilus appears
to be a carnivorous grazer, feeding on crustacea and insect larvae attached to the
stems of leaves of aquatic plants.
Only one species is thought to feed on zoo-plankton exclusively. Ostracods.
copepods and other small crustacea are, however, found in the guts of insect feeders.
but form only a small proportion of the food.
Species that include molluscs in their food are described in Appendix D. They
may be useful agents in the biological control of bilharzia.
Most Haplochromis examined were found to be mouth breeders and data has
been collected on the number of young retained in the mouth at various stages of
development. Figures available indicate that the number of late alevins still sheltered
by the female, range between twenty and sixty. It is not yet possible to establish
any general correlation between brood size and the size of the parent fish. Exact
breeding habitats are know for only a few species; future work will include studies
on this subject as it is a most important feature of their ecology.
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Catches from seines on Nasu Beach and from gillnets in Ekunu Bay have
been analysed; it has been shown that part of the Haplochromis population from these
areas is actively breeding throughout the year. Almost all species examined so far
exhibit sexually dimorphic colouration. Male fish are brightly coloured when
breeding, females do not show any marked colour differences with sexual condition,
and are less brightly coloured. Immature fish and non-breeding males usually
have colours similar to those of the female.
It would be premature to attempt any generalisations on the part played by
the many species of Hapfochromis in Lake Victoria, but it is certain that their presence
must have a profound effect on aJl the other fish in the lake.
Mormyrus .- -Figure 11 , already referred to, shows numbers of Mormyrus caught
in gill nets in Ekunu Bay. This station is only forty feet deep. As previously
reported the better fishing grounds for Mormyrus are in deeper water. This fish is
however very widely distributed and appears to be common wherever the bottom is
muddy.
As an outcome of our recommendations a fishery for Mormyrus was started
two years ago. It was based on Dagusi Island and financed by the Native (Busoga)
Administration, but was not a commercial success. Many factors, which are not
our concern, contributed to its failure, but the principal reason was that all fishing
was attempted from sailing dhows; these boats were unable to reach the recommended
fishing grounds. We were asked to fish this area again, the results of five days
fishing are recorded in Appendix E. These results fully confirmed our original findings
and a plan for the re-opening of this fishery has been submitted to the Uganda
Government for their consideration.
All Mormyrlls caught have been sexed and the condition of the gonads noted .
In this part of the lake the gonads of these fish start ripening in July and develop
very slowly; ripe males and females were common from November to January.
One spent female was recorded in the first week of January . No running males have
been taken in our gill nets, this condition may not last long in .these fish. All the
evidence available indicates that these fish have an annual breeding cycle; unlike
Tilapia these fish grow considerably after reaching maturity. The smallest ripe
MorlllYrus recorded was twenty centimetres long and they may grow to about seventy
centimetres, though no exact measurements have been kept of the largest fish .,
We do not yet know where Mormyrus spawn, nor have we been able to get any
information on this point from the African fishermen, though many have been asked .
This is all the more remarkable when one considers that Mormyrus is one of the
more common fish in Lake Victoria.
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Appendix A (1)
LAKE VICTORIA WATER FROM NEIGHBOURHOOD OF JINJA SHOWING THE loWEST
,ND HIGHEST CONCENTRATIONS OF THE VARIOUS CONSTITUENTS OBSERVED
Conductivity
Oxygen
Alkalinity
pH
Silica
Phosphate ..
Nitrate
Nitrite
Ammonia
Total Iron
Sulphate . .
Calcium "
Magnesium
Potassium
Sodium
Strontium
Manganese
91 to 93.
o to 8'7 ppm.
10-3 to 1'1 x I0-3 normal.
6·9 to 8·7.
3 to 9 ppm.
o to 0' 175 ppm.
o to 0 ' 125 ppm.
o to 0·003 ppm.
o to 0·1 ppm.
o to 5 ppm.
0'8 ppm.
5 to 7 ppm.
2'3 to 3'5 ppm.
3·7 to 4·2 ppm.
12'5 to 13·5 ppm.
0'08 to 0'11 ppm.
less than 0'04 ppm.
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Appendix A (2)
SPECTROGRAPHICAL ANALYSES OF LAKE WATER SHOWING VARIATION OF CERTAIN
CONSTITUENTS WITH DEPTH
Analyses Carried out by E.A.A.F.R.O.
--
I
LOCATION AND DEPTH Ca. Mg. I K. Na. Sr.
BUVUMA CHANNEL:
Surface 6·8 2·8 4 ·1 13 '5 0·10
10m. 7·0 2·6 4 ·0 13·5 0'11
15m. 5'1 2·3 3 ·7 12·5 0·08
19m. 6'4 3·5 4 ' 1 13'0 0 ·08
BUGAIA:
Surface 5·9 2·7 3·9 13·0 0'08
20m. 6'3 3·0 4·0 13'0 0 ' 10
27m . 6 ·2 2·4 3·9 13·0 0·09
60m. 5·8 2·7 4'1 13'5 0 ·09
Appendix A (3)
LAKE GEORGE WATER SAMPLES
Collected by Major Wyndham, 1530-1640 26th July (Analysed 31st July, 1951)
DEPTH Conductivity
I
pH Alkalinity ppm. ppm. l ppm. ppm.
Nfl ,000 NH3 Ca. SiOz Ciz
----
Surface 185 8'7 2·09 0·025 24 24
I foot below 185 8·5 2 ' 16 0 '025 24 4
2 feet below 185 8 ·5 2·12 20 24 4
3 feet below 190 8 ·5 2'11 0'025 24
4 feet below 190 8'4 2 '04 24 24 10
5 feet below 188 8·5 2·07 0 '025 24 5
6 feet below 190 8·5 2'09 24 24 5
7 teet below 190 8'4 2'11 0·025 24
8 feet below 195 8·5 2·14 24 24 7
Bottom 340 8·0 2'30 2'00 50 20
ANALYTICAL NOTES.-l. Samples all so turbid that they had to be filtered before
analysis (24 hour delay).
2. Phosphate, Ferrous iron, Ferric iron, Sulphate, absent in all
samples.
3. Nitrate possibly present as a trace but dark colour of organic
matter masked any possible slight nitrate reaction.
4. Alkalinities calculated as normalities using NjlOO HCI
and pH 4·5 indicator.
Appendix A (4)
LAKE EowARD AND KAZINGA CHANNEL
Sampled 16th September, 1951 by Professor L. C. Beadle
Station (see map) I II III IV V I VI I VII VIII
Time: Hours 14'00 15·30 12·30 15'45 I 16·00 I 16 ' 15 I 16 '45 17-45
Total Depth : Metres 32 2·3 3 4·6 4·7 5'3
Sample Depth: Metres Surface I 30 Surface I 1·5 ISurface I 2 Surface 4 Surface I Surface ISurface Surface
Temperature: 0c. 26·7 24'9 27'3 26'7 26'4 I 26·2 27'5 26'5 w
805 I 385 164 -'Conductivity 878 890 878 , 865 851 851 840 840 154
Alkalinity as N/ l,OOO 8·7 8·7 8'7 8'6 8'6 8·6 8'5 8'4 7·7 3'5 1·5 1'4
S04 ppm. 0 0
Si02 ppm. 5 8 5 5 6 5 6 6 7 20 24 24
C12 ppm. 30 20 20 20 15 20 15 15 10 5 2 Trace
Ca. ppm. 16 14 16 12 16 16 12 12 14 14 20 I 14Melosira Cells/ce. 765 680 Counts
Pennate Diatoms/cc. 28 0 70 68 246 165 78 62 93 38 73 obscured
eyc!orella/ce. 412 67 100 0 0 68 53 64 31 0 !by silt
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FIGURE l3.-Sketch Map of Kazinga Channel Showing Stations Referred to in Appendix A (4) .
Appendix A (5)
LAKE ALBERT AND INFLOWING NILE
Samples taken 3rd and 4th August, 1951
-- - - -.-
IIconductivityl Alkalinity pH SiOz P04 NH} NO} Total CI2 Ca.N/ I,OOO Fe.
----- --o~:-IButiaba Lagoon 12,000 , 1l1'5 16 0·35 0·28 0 120 150
Lake Albert:
Surface 710 84·5 8'4 0'3 0·04 0 25 16
25 metres 710 89'5 9·0 4 0·3 0·04 0 0 25 16 ....,....,
Entrance to Delta 100 1'2 7·0 6 Trace 0'14 0 I 4 12
Midway between Lake
and River 100 1'2 7·6 6 0 0·14 0 3 4 12
Beginning of River 100 1·2 7·8 8 0 0·1 0 0 4 12
Pier 100 1'2 7·8 6 Trace 0'1 0 0 2 14
Top of Murchison Falls 100 1'27 1 7-8 13 0 0·08 0 I 2 14
ANALYTICAL NOTES.-No ferrous iron in any sample. Sulphate less than ppm. in all samples. Lake Albert samples taken three miles
from Butiaba towards Delta. Hard bottom.
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Appendix A (6)
Two INFLOWS LAKE VICTORIA
SAMPLE:
pH
Conductivity
Alkalinity N/l,OOO
Si02 "
P04
N02 ._NH3 _ _
Fe (Total)
S04
Ca·
Mg·
K·
Na· . .
Sr·
Nzoia
6-0-8'0
85-125
1,05
40
0'05
Trace
0,8
1,5
0'8
6,4
3'1
4·0
11,5
0'08
·Estimations by E.A.A.F.R.O.
Nyando
7,4
175
2·7
48
0,15
Trace
0,8
1·0
o
16'5
3·9
4·2
15'5
0,15
Appendix A (7)
SEMLlKI AFTER LEAVING LAKE EDWARD
(Analyses by E.A .A.F.R.O.)
Spectrographic Analyses Ca I Mg K Na Sr
Units=p.p.m. .. . . 10·5 I 33 84 88 0,47
--
Appendix A (8)
RUWENZORI REGION, 4TH-19TH JULY, 1951
Samples Collected by Dr. M. E. Brown
pp
Total I
-
Alkalinity
I
NO) Ferrous P04 I Si02 I I
Ch Ca.Conductivity pH
I
Iron Iron S04N/I,OOO ppm. ppm. ppm. I
ppm. ppm. ppm. ppm.
Lake Edward, one mile from IKazinga Channel
· . 900 10·8 9·2 0 0 0 0'1 8 0 Heavy 15, ppt.
Lake George, entrance to
IKazinga Channel · . 230 0 Less 0 0 Trace 0'15 24 0 0 255·2
Nyamagasani River, 5,000 feet 45 0'39 7·6 0·425 0 Trace 0 '075 16 0 0 6
Nyamagasani Lake
· . · .
20 0'165 6·0 0 0 0 0'2 6 0 0 2
approx.
ISmall stream into NyamagasaniLake · . · . · . 25 0·083 5·2 0 Trace Trace 0 , ( 8 0 0 2Tributary entering river below app~ox. 1Fall .. · . · . · . 25 0·24 6·9 0 0 Trace 0'2 0 0 4
Mubuku River
· . · . · . 65 0'53 6·7 0·3 '0 0 I 0 ·075 8 0 50 6Ruimi (Duimi River) Road
I
I
Bridge
· . · . · .
190 1·29 7·0 0·25 0 Trace 0'275 24 0 Present 20
Mpanga River, Town Bridge . . 325 5·0 7·8 0 - - 0 ·225 16 0 - 70
Mpanga River, half mile below
I IForest · . · . · . 200 2·26 7·6 0·375 - - 0·35 8 0 50 40Mpanga River, 10 miles fromFort Portal in Forest
· . 400 5'18 8'1 0 2 4 0·25 32 0 50 80
Saka Lake, amongst weed
· . 550
I
7-4 7·2 0 Trace I I 0·1 32 0 Heavy I 40
I
ppt.
Isunga Lake
· . · . · .
250 3,( 8'1 0 1 I 0·25 40 0 50 40
appro .
Hot Springs, Bwamba ..
· .
Over 104th I 62·2 8·5 0 I 0 I 0 0·5 32 O'5 ~> v. heavy 12,200I I t.
Appendix A (9)
SEBEI (MOUNT ELGON) RIVERS
Collected by Dr. M. E. Brown, 25th-26th June, 1951
RIVER Place Date I Time Temp. I pH All<. Ca. Cond. SiOz P04 N0 3 NH3
!
as0c.
I ppm. ppm.Ca.C0 3
--- - -- - --- -
1. Siti Road Bridge I 25th 16 ,30 12·5 I 7·4 45 ·0 1 75 24 0 0 02. Nyeluti Below Forest 15 ,15 14·2 6'8 51·2 3 105 32 0 0
3. Nyeluti .. Road Bridge
"
12,15 14·0 6·8 50·2 I 95 24 0·025 0
4. Tukat . . Road Bridge 26th 10·35 14·7 7·5 75,5 2 140 0·05 0 w
5. Tabok . . Road Bridge 10-45 13·6 7·2 51·8 80 0,05 0 0\
6. Tabok Tributary Road Bridge 10·50 16·5
7. Nyenya
Tributary Road Bridge 11·00 14·5 0
8. Nyenya Road Bridge
"
11·20 14·7 8,0 52·2 0·025 0
9. Atar . . Road Bridge 23rd 17·30 15 ·4 7,1 52·2 103 0
10. Kaptokoi Road Bridge 26th 11 ·40 14'3
11. Kyebonet Road Bridge 12·00 15,2 7·2. 49'0 95 0·025 0
12. Cheptui .. Road Bridge 12 ·05 15·5 8·0 50,0 95 0·075 0
13. Sipi, 5,000 feet. . Road Bridge
below Gorge 17 ·20 18'0 7·7 66'0 5 140 40 0·075 0
14. Sipi, 6,000 feet. . Between Falls 12·25 14,9 6·6 36,8 2 103 0 0
15. Sipi, 7,000 feet. . Forest Limit I 15·25 14·6 6·0 30'8 2 60 24 0 0
I
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Appendix A (10)
STREAMS (ACHOLJ)
Water Samples Collected by Dr. M . E. Brown, 8th-10th August, 1951, Analysed
17th September, 1951
SAMPLE ASWA RIVER KAPETA RIVER ARINGA RIVER
Gulu Road Bridge Okora Road Bridge Scarp Road Bridge
24·8°C. at 11'15 hrs. 23°C. at 17·00 hrs. 18·5°C. at 15'15 hrs.
60 60 80
Temp. 0c. & Time ..
Conductivity
Alkalinity as ppm.
CaC03
Ch, S04, NOz
NH3 ppm.
P04 ppm.
SiOz ppm...
Fe ppm.
Ca ppm.
43
o
o
0'05
32
0·75
8
37
o
0·5
0'15
32
0 ·5
12
23
o
Formalin
interference
0 ·075
40
1·0
14
Appendix A (11)
ANALYSIS OF WATER FROM MALYA (FISH FARM) TANGANYIKA TERRITORY
14th September, 1951
SAMPLE 2 3 4 5 6
Conductivity 250 320 350 240 110 110
Alkalinity 31·4 39'4 45'0 29'7 12·8 11·7
SiOz ppm. 32 48 48 32 12 20
Total Fe ppm. 0'75 0·25 Trace 0 0 ·25 0'5
NH3 ppm. 1·04 1'04 1·4 0 0 0·2
NO:! ppm. 0 0'08 0 0 0 0·005
P04 ppm... 0·6 1'0 1'0 Trace 0·05 0'1
Ca ppm. .. 40 40 40 24 I 14 16
Sulphides .. IPregent Present Present Absent Absent I Absent
Clz and S04 0 0 . 0 0, 0
Appendix A (12)
TARIME DAM, TANGANYIKA TERRITORY
6'8 6·8
117 130
0'15 0·1
20 20
Nil Nil
Nil Trace
Trace Nil
Nil Nil
4'5 10' 1
1·5 2'1
0'12 0·12
6·8 3'4
21·0 22'0
0·067 ~ ..::.0..::.·1..::.3__
Appearance
pH ..
Conductivity
P04 ppm.
SiOz ppm.
S04 ppm.
Clz ppm.
NH3 ppm.
NOz ppm.
Ca ppm.
Mgppm.
Mn ppm .
Kppm.
Na ppm.
Sr ppm.
Bwiregi Dam Surface at
Spillway. Altitude,
6,000 f1.
Much suspended clay brown
colour.
Boma Dam, Tarime. Surface
at Spillway. Altitude,
4,700 ft.
As Bwiregi, but lighter in
colour.
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Appendix A (13)
DAMS NEAR SORon
Sent 31st August, 1951, Received and Put in Cold Storage 1st September, Analysed
17th Septem/Jer, 1951
Arabake I Dakabela I Aloet Opiyu KidalOk
Dam Dam Dam Dam Dam
Conductivity 130 89 82 100 140
Chlorides and Sulphates 0 0 0 0 S04 nil
Cl2 tra e
Ammonia ppm . 3·6 3·6 2'8 This \ '6
Nitrite ppm. 0 0 0 Sample 0
Phosphate ppm. 0·05 0 '025 Trace was too 0
Silica ppm. 50 40 32 turbid for 24
Iron ppm. 0·25 0·5 analysis Tra e
Alkalinity as ppm.
CaCO, 78'5 52'5 52' 5 59 82
Calcium ppm. .. 14 10 8 10 5
Appendix A (14)
KIGAGA RESERVOIR NEAR MBARARA
Sample Taken 1st June, 1951, Analysed 27th June, 1951
•
pH
Conducti vi ty
Alkalinity as ppm. CaC03
N03 ppm .
P04 ppm.
SiOz ppm.
Ca ppm.
6·9
140
74·6
trace
0·05
20
2
Appendix A (15)
ANALYSIS OF SAMPLES FROM SMITH MACKENZIE LTD., MBALE
Collected 4th October, 1951 and Received 20th October, Analysed 22nd October, 1951
pH
Alkalinity as N / I,OOO
Calcium ppm.
Total iron ppm .
Phosphate ppm .
Silica ppm.
Chlorides ppm. ..
Sulphate ppm.
Conductivity
Alkalinity calculated as ppm. CaC03
Calcium Calculated as ppm. CaC03
Hardness calculated from Alkalinity
Hardness calculated from Calcium
Borehole Pump
6·2
5·75
70
0·8
0'3
40
19·0
Trace
710
297
175
29·7
17'5
Cooling Pond
7'4
7·8
25
30·0
Nil
925
390
62·5
39
6'25
Appendix B (1)
LAKE MUD ANALYSED AT MAKERERE, OCTOBER, 1951
Deep Water Sample: Buvuma Channel, Depth 20 metres.
Shallow Sample: , Napoleon Gulf, Depth 10 metres.
Redox Total dissolved C02 at Total Gases
Depth Below Mud Surface pH potential E7 mV N.T.P. extracted other thanEh mV gases Vol. % C02 and 02
Millimols Vol. ~,;; Vol. %
DEEP WATER: w
1 centimetre above surface 6·64 394 438 1-44 3'19 7·2 3·77 \D
1 centimetre below surface 5·92 88 25 I·n 3·98 7-28 no
5 centimetres below surface 5·46 112 23 4·05 9·02 15·3 6·24
20 centimetres below surface 108
SHALLOW WATER:
1 centimetre above surface 0·84 318 315 I-52 3·38 7-59 3-82
1 centimetre below surface 6·84 18 10 1'88 4·20 7'15 2-91
5 centimetres below surface 6·66 10 - 10 2'13 4·75 7'72 2·92
20 centimetres below surface 6-00 -18 -78 4·05 9·08 12·73 4-61
NOTE.- I_ Oxygen was estimated but suitable corrections have not yet been estimated.
2. Reducing substances were oxidised with potassium permanganate before gas analysis was carried out.
3. All estimations carried out within seventeen hours of collection of sample at Jinja.
40
Appendix B (2)
VIABLE MICRO-ORGANISMS FOUND IN SAMPLES FROM LAKE VICTORIA
Estimations carried out by Miss C. J. Bessel, Glaxo Laboratories Limited,
25th November, 1951
Dilutions prepared in three media-Potato peptone, Yeast and Casein.
Water from above Mud Surface
Bacteria-l OOx 104/mi.
Fungi less than-IOO/mt.
Mud from Surface
Bacteria more than-lOOxl07/mi.
Few Fungi observed.
Rates of 10-8 and 10-9 dilutions showed no inhibition of Bacillus subti/is or
Aspergillus niger.
Mudfrom 10 ems.
Bacteria more than-lOOx107/mi.
Few Fungi observed.
Mud from 30 ems.
Bacteria 90xl07/ml.-many pigmented micrococci present.
Fungi including some Pencillia present at 1/1;000 dilution.
Appendix C
LIST OF AQUATIC SNAILS
._ - - _. _ ._-
Jinja Mwanza
north south Lake Lake Lake Lake Crater
Victoria Victoria Kyoga Albert Edward George Lakes
PROSOBRANCHlA-
Viviparidae
Be/lal1lya lInicolor unicolor (Oliv.) p p
Belamya unicolor elatior (Martens) p p
Be/lamya unicolor meta (Martens) . . p
Bellamya lInicolor phthinotropis (Mrts.) p p
Be/lamya lInicolor trochlearis (Mrts.) p
Bellamya lInicolor costulata (Mrts.) p
Bellamya unicolor bllkakatensis n. sllbsp. p
Bellamya lInicolor ugandae n. subsp. p
Be/lamya unicolor rubicunda (Martens) p ~
-Bellamya unicolor dagusiae n. subsp. p
Be/lamya unicolor cOl1stricta (Mrts.) p
Bellamya jucllnda jucllnda (Smith) .. p
Be/lamya jucunda kisumiensis (preston) p
Bellamyajucunda alta n. subsp. p
Ampu/lariidae
Pila ovata ovata (Olivier) p p p p p p
Pila ovata gordoni (Smith) p p
Pila ovata nyanzae (Smith) p p
Pila ovata stuhlmanni (Mrts). p p
Pila ovata eleanorae n. subsp. p
Lanistes carinatus (Oliv.) p p
Bithyniidae
Gabbia walleri (Smith) p
Gabhia til/wi (Germain) p
Gahbia sennaariensis (Parr.) . . p
Gabhia {,ul1lerosa humerosa (Mrts.) p p
- - -
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Appendix D (1)
MOLLUSC EATING SPECIES OF CiCHLIDAE IN LAKE VICTORTA
The following is a list of known mollusc eating species. Data based on ob-
servations over a period of one year. Specimens were collected from Ekunu Bay,
Pilkington Bay, Dagusi Island, Buvuma Channel, Napoleon Gulf, Mwanza and
Kenya waters near the entrance to Kavirondo Gulf.
Haplochromis ishl11aeli Blgr.- A fairly common species found in deep to fair ly
shallow water. Only breeding and brooding individuals have been found insho re.
Food consists solely of Molluscs with Gastropods and Bivalves in almost equal
proportions.
Haplochromis obtllsidens Trewavas.- A common species in fairly shallow water
becoming rarer in deep water. As yet, not recorded from inshore waters . A mixed
feeder on both Dipterous larvae and Molluscs, among which bivalves predominate.
Haplochrol/lis pharyngolllyllis Regan.- A relatively uncommon species usuaily
round close inshore usually among reeds. Exclusively a Mollusc ealer, wi th
Gastropods and Bivalves taken in equal proportions.
Macroplellrodlls bicolor (Blgr.).- An uncommon species only found in ~hallow
water both in and offshore. The gut contents of one specimen only have been
examined and in these remains of Gastropods were found . (Biolllphalaria sp. and
A1elandoides tuberculata tubercl/lata) .
Astatoreochroll1is affuaudi Pellergrin .-A common species particularly in fa irly
shallow water, often occurring inshore. Exclusively a Mollusc eater, with Gastropods
predominating.
Haplochromis hl/milior Hlgr.- A common species occurring close inshore and
rarely growing to more than 125 mm. total length. The adult feeds mainly on
Chironomid larvae but small Gastropods are often eaten.
Haplochroll1is sauvagti (Pfeffer).-A common species in shallow water, feeding
on insect larvae and nymphs, together with Gastropods.
Haplochrolllis crassilabris (Blgr.).-Less common than the above species, but with
similar habits and diet.
In all recorded cases, Melanoides tuberculata tuberculata was the most common
Gastropod, whilst Corbicula ajricana ajricana constituted the bulk of the Bivalves
eaten . Amongst the Gastropods, a few Beffamya spp. and Biol11phalaria spp. have
been recorded .
FIC.14.
FIGURE 14.-X-ray Photograph of Astatoreochromis alluaudi Showing Massive
Pharyngeal Bones and Molluscs in Stomach.
,
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Appendix D (2)
KEY TO THE MOLLUSC EATING CICHLIDAE IN LAKE VICTORIA
All these species belong to the group having ctenoid scales and the pharyngeal
apophysis formed by the parasphenoid in the middle and the basioccipital at the
sides.
(I) Anal fin with three spines only. Dorsal fin with never more than seventeen
spines. Outer series of jaw teeth bi- or unicuspid, not enlarged laterally . Posterior
lateral teeth not exposed when the mouth is shut, lower jaw one and a third to one
and a half times as long as broad.
(a) Lips very thick; lower pharyngeal bone not enlarged; median pharyngeal
teeth cuspidate and not enlarged .
(i) 16-25 bisuspid or unicuspid teeth in the outer series o f teeth in the
upper jaw. Dorsal profile of head straight and sloping. H. crassilabris .
(ii) 30- 45 usually unicuspid , slender and slightly recurved teeth in the outer
series of teeth in the upper jaw. Dorsal profile of head strongly convex
from a point above the eye. H. sat/vagei.
(b) Lips not thick, lower pharyngeal bone not, or only
Median pharyngeal teeth enlarged and blunt.
(i) 40-56 teeth in outer series of teeth in upper jaw,
contained 1·7 to 2·0 times in inter-orbital width.
slightly, enlarged'
prae-orbita: depth
H . ht/II/ilior.
(ii) 60--70 teeth in outer series of teeth in upper jaw. Prae-orbitaJ depth
contained 1'3 to 1'6 times in inter-orbital width (in fish of 97·0 to 115·0
mm. standard length). Pharyngeal bone usually more massive than
in (i) above. H. obl/lsidens.
(c) Pharyngeal bone massive. Enlarged and blunt teeth distributed all over the
pharyngeal bone except in the posterior angles.
(i) 35-45 series of teeth (usually unicuspid and stout) in outer series of
teeth in the upper jaw. Pectoral fin reaching second or third anal
spine. H. ishmaeli.
(ii) 30-36 series of teeth (usually unicuspid and stout) in outer series of
upper jaw. Pectoral fin reaches vent or first anal spine. Pharyngeal
bone more massive than in (i) above, usually with a pronounced
postero-veQtral hump. H. plwryngomylt/s.
(2) Anal fin with three spines, but with the lateral teeth enlarged and exposed
when the mouth is shut; breadth of lower jaw equal to or greater than its length.
Outer and first series of inner jaw teeth enlarged and stout. Dorsal profile of head
strongly decurved. Pharyngeal bone not massive; pharyngeal teeth slender and
cuspidate. M. bicolor.
(3) Anal fin with five to seven spines (rarely four or eight). Dorsal fin rarely
with less than seventeen spines, usually with eighteen or twenty. Pharyngeal bone
very massive; pharyngeal teeth molariform. Other characters as in I. A. alll/at/di.
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A NOTE ON POSSffiLE METHODS OF BIOLOGICAL CONTROL OF BILHARZIA IN
PERMANENT PONDS AND DAMS
Schistosoma" mansoni and S. haematobium are two species of trematodes which
cause bilharzia in Africa . The eggs of these two parasites are passed out of the
human body in the faeces and urine respectively of infected individuals . Under
suitable conditions of moisture these eggs hatch into minute organisms called miracidia .
These miracidia die after a few hours unless they find a suitable host, namely certain
species of snail belonging to the families Planorbidae and Bulinidae. After entering
the snail the miracidia turn into sporocysts which reproduce themselves asexually.
These sporocysts at a later stage produce small active larvae called cercariae, thus a
single miracidium which successfully invades a snail may give rise to a very large
number of cercariae. The cercaria is the form which can infect the human host.
Aquatic snails are essential intermediary hosts for the transmission of bilharzia
frol11 one person to another. Any measures taken which permanently reduce the
number of snails in ponds and dams must exercise some control in the spread of this
disease.
Snails seem to have a limited resistance to these parasites as it is usual to find
that , if once parasitised , they become very heavily infected with sporocysts ; it is
rare to find snails with only a few parasites. The paHlsites establish themselves in
the hepatopancreas of the snail and may almost destroy this organ, thus causing
the death of the snail in some cases. It appears that in nearly all cases where a snail
is parasitised it is rendered infertile. It follows that if a very high proportion of the
snails in a pond are infected there is bound to be a great reduction in the numbers
of young snails produced and this may lead to a general and progressive reduction
in the snail population. Thus there may be a biological balance that causes periodic
fluctuations in the density of the snail population . These fluctuations , about which
there is very little reliable data, must be taken into consideration when assessing
the effect of other methods of control.
There are several fairly obvious ways of reducing the number of snails in a pond.
Snails are herbivorous, so a pond kept clear of weeds cannot support as many snails
as one overgrown with weeds, it is therefore desirable where possible to remove weeds.
Poisoning of the water can sometimes be successful, as snails are killed by concen-
trations of copper sulphate, as low as two parts in a million. However, poisoning has
a number of disadvantages and may prove expensive and will not achieve any
permanent results.
Some forms of biological control aimed at keeping the snail population in a
gond at a low level may prove to be feasible. It has already been explained that
the bilharzia parasites themselves cause some reduction in the snail population.
This form of control might be extended by introducing fish which are the final host
for other trematode parasites which also pass the early stages of their life cycle in
snails, thus bringing about a further reduction in the snail population by parasitism.
However, little is known about this at present, though cases are on record where
under natural conditions the snails in a lake have been practically wiped out by
trematode parasites.
A more direct form of biological control would be the introduction of fish that
eat snails. Certain fish hve almost exclusively on snails, or on snails and bivalves.
These would not necessarily be the best kind of fish to introduce into small bodies of
water; they might be too efficient and eat up all the available snails, thus removing
their own future food supply, or they might become established only in small numbers
which would permit a considerable population of snails to survive. Fish which eat
other food, insect larvae, smaller fish, etc., as well as snails, might prove to be the
better controlling agency, as they could crop the snail population to a very low level
and still have alternative food.
Hliplocllromis ishmaeli, Astatoreochromis alluaudi and a Synodontis sp. may all
be considered as predominantly mollusc feeders. These fish oceur in Lake Victoria
but until a number of experimental introductions have been carried out, there is no
way of knowing how successfully they could be established in ponds and dams.
47
Haplochromis ob/lisidens eats snails as well as insect larvae. It is a very common
species in Lake Victoria and might prove useful in controlling snails in ponds, but
again there is no data available concerning the ability of this species to establish
itself in small bodies of water.
Protopterus ae/hiopicus, the common lung fish, is omnivorous and readily eats
all species of snails. This fish is easily transported and may be expected to establish
itself in any pond into which is is introduced, and, as is well known can even survive
the temporary drying out of a pond or swamp.
Many snails collected from the stomachs of thesc various fish belong to species
which are not vectors of bilharzia. rAt present it is impossible to say whether these
fish seiect only certain species of snail or whether they will eat any or all the species
that happen to be present.
One further method of biological control of snails by fish remains to be mentioned.
Certain fish, notably Tilapia melanopleul"a and T. zillii, eat water weeds and the algae
which grow on these weeds. They can very effectively reduce the abundance of weeds
in a pond 'and thus limit the abundance of snails, and they are themselves of course,
a valuable food fish . Their ability to crop the water weeds carries with it an additional
advantage, by maintaining a larger area of open water they enable more phytoplankton
to grow. Phytoplankton:s the principal food of the C01l1fI1oner species of Tilapia,
thus the presence of T. melanopleura or T. zillii in a pond may well be beneficial to
T. esculenta or T. variahilis which may also be present in the same pond .
After further experimental work it may be possible to maintain in ponds a
balanced community of fish which will yield a satisfactory supply of edible fish and
which will also crop either the aquatic vegetation or the snails so as to reduce very
considerably the chance of bilharzia infection. Such a balanced community of fish
might consist of the following species: Haplochromis ob/usidens, Pr%ptcrus aethiopiclIs,
Tilapia esclilen/a and T. melanopleura. Unless the pond was adequately and regularly
fished it might prove desirable to introduce a small predatory fish such as Haplochromis
maxillaris to prevent overcrowding by reducing the number of fry .
It should be fully understood that the ideas expressed in this note are only a
brief outline of some general biological principles and that practically no experimental
work has been done on the subject. Some experimental introductions of Lungfish
in South Africa have been carried out, without any very obvious beneficial effect;
and in the Sudan experiments have, I believe, been started using Haplochromis
multicolor in irrigation canals. It must also be stressed that no form of biological
control is likely to eliminate all snails from a pond; the most that can be expected is
to reduce the snail population to a low level, and thus lessen the chance of miracidia
finding their snail host and cercariae finding their human host. The effect of ex-
perimental introductions will certainly vary from one pond to another, depending
on how suitable or otherwise these ponds are for the various species of fish.
Unfortunately, E . A. F. R. O. is at present unable to supply fish for stocking
dams, as the facilities at Jinja are restricted to research requirements.
Appendix E (1)
TRAWLING RECORDS
---------- -_._ - - --------- --- ----- ------- ------
Date PLACE Depth and Bottom Duration in
Minutes I
Lb. of
Haplochromis
No. of
other Fish
30 220 7
30 100 223
24 35 12
30 100 Nil
60 80 28
34 100 20
30 200 I
27 200
I
4
907 2,538 705
38 106 I 29
1
12
25
64
Foul i Haul
68 I Nil
200 2
23 I
18 47
78 13
150 28
205 I
60 I
65 53
150 75
170 Nil
128 66
35 105
64 5
45
30
60
30
30
30
30
30
30
30
35
30 night
90
30
30
60 night
22
AVERAGE . .
TOTAL
103 feet, black mud
60 feet, mud and sand
170-175 feet . .
100 feet, mud
70 feet
65 feet, mud and sand
95 feet, mud
80 feet
40-70 feet
70 feet, mud
75-90 feet, mud
70- 80 feet, mud
110 feet, stone
80 feet, mud
60 feet, mud
60 feet, mud
50 feet, mud
70 feet, mud
25 feet, mud
70 feet, mud
80 feet, mud
130 feet, mud
103 feet, murram
60 feet, murram
80 feet, mud ..
24 HAULS
East Basa Island
East Sausi Island
West Bugaia Island
South Buvuma Channel
Buvuma Channel
Off Nzoya River
Chivi Island . .
Gull Shoal
Off Port Southby
North Buvuma Channel
North Buvuma Channel
North Buvuma Channel
Ofr LuRn Island
Buvuma Channel
Buvuma Channel
Buvuma Channel
Off Namogwe Point
Buvuma Channel
Pilkington Bay
Buvuma Channel
Buvuma Channel ..
South East Dagusi Island ..
South East Dagusi Island
South East Dagusi fsl il nd ..
Buvuma Channel
18-1-51
19-1-51
31-1-51
19-2-51
2Qc.-3-51
27- 3- 51
30-3-51
31 - 3-51
13-4- 51
20-4-51
8-6-51
16- 6-51
15-8-51
24-8- 51
13-9- 51
25-9-51
3-11-51
5- 11-51
6-11-51
9-11-51
Appendix E (2)
GrLL NET CATCHES NEAR DAOUST ISLAND
------_._-----~---,.-' ---------- --~----------------
I 2-3.11.51 3-4.11.51 4-5.11.51 I 5-6.11.51 6-7.11.51No. of 88 feet Mud 130 feet Mud 70 feet Mud & Stone 100 feet Mud 70 feet Gravel
_M"'h__:~My.1B>: Bb. '<:1. H;;: My. Bg. Bb. 1CL IHp. My.1Bg. Bb.· CL IHP.fMy. Bg. Bb. CL IHp. My·1B•. 1Bb. 1CL IHp
5 inch 2 4 6 1 1 - - I 11 2 1 9 I 3 1 I- 28 2 9 I 25 I 1 I -
4 inch 6 72 7 1 1 - 58 5 2 3 - 73 12 - - 222 9 76 69 I - -
3t inch I 2 27 2 -125 3 I - I I 31 1 - , 139 1 23 44 1 2 I I
3 inch 2 19 I 1 II 2 1 2 = 6 31 I - I 1154 I I- J - I 4 21 20 2 I 14
My .
Bg .
Bb .
CI.
Hp...
Mormyrus
Bagrus
Barbus
C1arias
Haplochromis
